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Abstract 

Objective To investigate the validity of recommendations in treatment 
guidelines to use higher than approved doses of oseltamivir in patients 
with severe influenza. 

Design Double blind randomised trial. 

Setting Thirteen hospitals in Indonesia, Singapore, Thailand, and 
Vietnam. 

Participants Patients aged >1 year admitted to hospital with confirmed 
severe influenza. 

Interventions Oral oseltamivir at double dose (150 mg twice a 
day/paediatric equivalent) versus standard dose (75 mg twice a 
day/paediatric equivalent). 

Main outcome measure Viral status according to reverse transcriptase 
polymerase chain reaction (RT-PCR) for influenza RNA in nasal and 
throat swabs on day five. 

Results Of 326 patients (including 246 (75.5%) children aged <1 5), 1 65 
and 161 were randomised to double or standard dose oseltamivir, 
respectively. Of these, 260 (79.8%) were infected with influenza virus 
A (1 33 (40.8%) with A/H3N2, 72 (22.1 %) with A/H1 N1 -pdm09, 38 (1 1 .7%) 
with seasonal A/H1N1 , 17 (5.2%) with A/H5N1) and 53 (16.2%) with 
influenza virus B. A further 3.9% (1 3) were false positive by rapid antigen 
test (negative by RT-PCR and no rise in convalescent haemagglutination 
inhibition titers). Similar proportions of patients were negative for RT-PCR 
on day five of treatment: 1 1 5/1 59 (72.3%, 95% confidence interval 64.9% 
to 78.7%) double dose recipients versus 105/154 (68.2%, 60.5% to 
75.0%) standard dose recipients; difference 4.2% (-5.9 to 1 4.2); P=0.42. 
No differences were found in clearance of virus in subgroup analyses 
by virus type/subtype, age, and duration of illness before randomisation. 
Mortality was similar: 12/165 (7.3%, 4.2% to 12.3%) in double dose 
recipients versus 9/161 (5.6%, 3.0% to 10.3%) in standard dose 
recipients. No differences were found between double and standard 
dose arms in median days on supplemental oxygen (3 (interquartile 
range 2-5) v3.5 (2-7)), in intensive care (4.5 (3-6) v5 (2-11), and on 



mechanical ventilation (2.5(1-16) 1/8 (1-16)), respectively. No important 
differences in tolerability were found. 

Conclusions There were no virological or clinical advantages with 
double dose oseltamivir compared with standard dose in patients with 
severe influenza admitted to hospital. 

Registration Clinical Trials NCT00298233 

Introduction 

Human influenza is often considered an acute self limiting 
febrile illness. Occasionally, however, it is associated with 
respiratory complications, admission to hospital, and mortality. 1 " 3 
Clinical trials have shown that treatment with oseltamivir has 
clinical and virological benefit in patients with uncomplicated 
influenza when it is administered within 48 hours of onset of 
symptoms. 4 " 7 Randomised trials in patients with severe influenza 
are lacking, but observational studies in patients admitted to 
hospital indicate that oseltamivir treatment, especially if it is 
given early, is associated with reduced mortality and shorter 
length of stay, although mortality can still be up to 6% with 
HlNl-pdm09 (pandemic A/H1N1 2009 influenza) or seasonal 
influenza. 8 " 12 Timely oseltamivir treatment of patients with avian 
H5N1 influenza reduces mortality, but many patients die despite 
treatment. 

Higher oseltamivir doses were tested in patients with 
uncomplicated influenza, but no consistently improved clinical 
or virological outcomes were found compared with the standard 
dose. 4 5 13 14 Despite a lack of evidence, several authorities have 
suggested use of double dose oseltamivir for severe influenza. 15 " 17 
The use of higher doses has major implications for clinical 
management, public health, and planning for antiviral stockpiles. 
The sudden emergence of pandemic H1N1 virus in 2009, the 
persistent circulation of highly pathogenic avian H5N1 viruses 
across large regions of the world since 1997, and the recent 
emergence and spread of avian H7N9 influenza virus in China 18 
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illustrate the continuing threat of influenza viruses to global 
health. Improvement of the evidence base for current treatment 
guidelines of severe influenza is clearly essential for optimal 
clinical management and pandemic preparedness. Consequently, 
we conducted a randomised controlled trial to ascertain whether 
double dose oseltamivir controls viral replication faster and 
improves clinical outcomes compared with standard dose in 
patients admitted to hospital with severe influenza. 

Methods 

Study design and sites 

This was a prospective, multicentre, double blinded, randomised 
trial of standard dose oseltamivir (75 mg twice a day or 
paediatric equivalent) versus double dose (150 mg twice a day 
or paediatric equivalent) for treating severe influenza. The study 
took place between April 2007 and February 2010 in 13 
hospitals in Indonesia, Singapore, Thailand, and Vietnam. 

Participants 

The inclusion criteria were age > 1 year, respiratory illness with 
duration of symptoms < 10 days, laboratory confirmed influenza, 
and either evidence of severe influenza (defined below) or 
positive result of a diagnostic test for H5N1. Severe influenza 
was defined as admission to hospital and one of the following: 
new infiltrate on chest x ray; tachypnoea (respiratory rate >30 
forages >12, >40 forages 6-11, >45 forages 3-5, >50 forages 
1-2); dyspnoea; or hypoxia (arterial oxygen saturation <92% 
on room air). Exclusion criteria were pregnancy or positive for 
chorionic gonadotrophin (hCG) in urine, women who were 
actively breast feeding, a delay of more than 72 hours before 
treatment with oseltamivir, and severe renal impairment defined 
by creatinine clearance < 10 mL/min (Cockcroft-Gault equation). 

Treatment 

Patients were randomised to receive double or standard dose 
oseltamivir based on a computer generated list that was stratified 
by site and age group. Patients with H5N1 influenza were 
stratified separately. 

Oseltamivir capsules, paediatric oseltamivir suspensions, and 
placebo suspensions were provided by Roche (Basel, 
Switzerland). Placebo capsules were manufactured by the 
pharmaceutical development section at the National Institutes 
of Health Clinical Center (Bethesda, MD, US). The doses were 
75 mg or 150 mg twice daily in those aged >15 or weighing 
>40 kg; 60 mg or 120 mg twice daily in those weighing >23-40 
kg; 45 mg or 90 mg twice daily in those weighing >15-23 kg; 
and 30 mg or 60 mg twice daily in those weighing < 15 kg. These 
doses were halved for patients with a creatinine clearance >10 
and <30 mL/min. 17 19 20 All drug treatments were supervised by 
the research team. 

All patients received five days of oseltamivir. Those with 
persistent tachypnoea, dyspnoea, or hypoxia on day five of the 
study were defined as meeting the criteria for clinical failure 
and continued to take the randomised dose for an additional 
five days. 

Study evaluations 

Patients with severe influenza-like illness were screened with 
the Quickvue rapid test (Quidel, San Diego, CA, US) and/or 
reverse transcriptase polymerase chain reaction (RT-PCR) of 
throat and nose swabs. Patients with positive results for influenza 
virus who met the inclusion criteria were randomised. Swabs 
were obtained for virus detection in the nose and throat on days 



0 to 10 and day 14. Study swabs were collected and eluted in 
M4 media (Remel, Lenexa, KS, US) before storage at -70 °C. 

Virology 

Testing of the combined nasal and throat swab specimens on 
day five, which was the primary virological study endpoint, was 
done under blinded conditions in the SEAICRN reference 
laboratories in Vietnam and Indonesia. Qualitative RT-PCR for 
detection of influenza A and B viruses and for subtyping of 
influenza A viruses was done according to WHO/US CDC 
protocols. 21 22 Quantitative RT-PCR for influenza virus A and 
B, with a lower limit of quantification of 10 3 copies of cDNA 
per mL, was performed as described previously. 23 Virus culture 
and genotypic screening for oseltamivir resistance mutations 
were performed as described previously on day 0 samples for 
all enrolled patients and on day five samples for patients with 
positive results on RT-PCR. 24 25 

Data analysis 

Endpoints 

The primary efficacy endpoint was the proportion of all patients 
with no detectable viral RNA by RT-PCR in a combined nasal 
and throat swab sample on day five. We also examined 
numerous secondary clinical endpoints (such as mortality, 
mechanical ventilation, admission to intensive care, symptoms, 
resumption of activity) and virological endpoints. We chose the 
proportion of patients with viral RNA shedding at day five after 
the start of treatment as the primary endpoint as this represents 
the duration of one standard course of oseltamivir and clinical 
failure is generally evaluated after five days of treatment. This 
is also consistent with the 2010 position paper by Ison and 
colleagues on the choice of efficacy endpoints in severe 
influenza studies. 26 

Sample size calculations 

Based on previous studies, we assumed that children and adults 
admitted to hospital with influenza would have detectable virus 
for an average of 6.3 days (plus or minus 1.5 days) and 4 days 
after onset of treatment, respectively. 26 " 28 . If we assume that 30% 
of children and 55% of adults treated with standard dose 
oseltamivir would test negative for virus on day five, a sample 
size of 242 patients would be required to show a 20% absolute 
improvement in cessation of viral shedding with 85% power 
and a two sided a of 0.05. To allow for study withdrawals, our 
target sample size was 300 patients. 

Statistical analyses 

Data were analysed with Stata vlO (Stata Corporation, 
Washington DC). The intention to treat population included all 
patients randomised, whether or not they received study drug. 

For the virological endpoints, we included only patients with 
RT-PCR proved influenza virus infection on screening (day 0). 
Patients who died before day five were assumed to be virus 
positive on day five unless the virus was cleared before death. 
For patients with missing results on day five, we carried forward 
the last available results. 

We used conditional univariate logistic regression to calculate 
and compare the odds ratios of viral clearance for categorical 
data between the treatment arms stratified by study site and the 
Mantel-Haenszel method when the numbers of patients were 
small. The Breslow-Day test was used to test the heterogeneity 
of the results between study sites. Because we found no 
heterogeneity, we used conditional multiple logistic regression 
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to investigate independent predictors of viral RNA clearance 
on day five, stratified by study sites. In these regression models, 
the quantifiable viral load data were used (that is, >10 3 cDNA 
copies/mL) and data from samples positive by qualitative 
RT-PCR but not quantifiable were given a value of 10 3 cDNA 
copies(c)/mL, the lower limit of detection of the quantitative 
RT-PCR. This analysis was repeated by giving these samples 
the value of 0. 

For multiple regression we forced important variables such as 
age group, (sub)type of virus, and treatment arm in the model, 
while for other factors we used forward stepwise variable 
selection procedure with 5% significance. Normally distributed 
continuous data were compared between the two arms with the 
unpaired / test; the Mann- Whitney U or Kruskal-Wallis tests 
were used for skewed data. For all comparative analyses, P<0.05 
was considered significant. All P values are two tailed. 
Confidence intervals for proportions and their differences were 
calculated with Wilson's method. 

Results 

Patients' characteristics 

Between April 2007 and February 2010, 699 patients were 
screened and 326 were enrolled and randomised: 165 received 
double dose and 161 standard dose oseltamivir. The figure shows 
the flow of patients through the trialjj. Most patients were 
children (246/326, 75.5%) aged 1-13.5, median 2 years (table 
1J|). Enrolment differed by country: 235 (72.1%) were from 
Vietnam, 71 (21.8%) from Thailand, 15 (4.6%) from Indonesia, 
and five (1.5%) from Singapore. 

In total, 260 (79.8%) patients were infected with influenza virus 
A (133 (40.8%) with A/H3N2, 72 (22.1%) with A/HlNl-pdm09, 
38 (11.7%) with seasonal A/H1N1, and 17 (5.2%) with A/H5N1) 
and 53 (16.2%) with influenza virus B. A further 13 (3.9%) 
were positive by rapid antigen test but negative by RT-PCR. 
The latter were confirmed as false positive tests as there was 
no rise in haemagglutination inhibition titers during 
convalescence. All patients with H5N1 met criteria for severe 
influenza and were therefore analysed as such. 

Patients were enrolled a median of 5 (range 1-10) days after the 
onset of illness: 7 (3-11) days for patients with H5N1 infected 
and 5 (1-10) days in other patients (P<0.001). A minority of 
patients, 76/326 (23.3%) had been prescribed oseltamivir or 
zanamivir before enrolment, and most 231/326 (70.8%) had 
received antibiotics. At enrolment, 57 (17.5%) patients needed 
immediate admission to intensive care, of whom 34 (10.4%) 
required mechanical ventilation, and 25 (7.7%) had acute 
respiratory distress syndrome (table 1).JJ 

Baseline rates of positivity for RNA influenza were similar for 
the nasal (239/3 17, 75.4%) and throat (242/312, 77.6%) swabs. 
Median baseline quantitative viral loads were similar between 
the two arms for nose (9.6x1 0e4 copies in the double dose 
(n=99) and 1.5xl0e5 copies in the standard dose arm (n=96)) 
and throat (4.1xl0e4 copies in the double dose (n=85) and 
6.3xl0e4 copies in the standard dose arm (n=95); see 
supplementary figure in appendix). 

Primary virological efficacy endpoint 

Day five negative viral RNA by RT-PCR 

At day five, the proportions of all patients negative for viral 
RNA in the nasal and throat swabs were similar between the 
double (115/159; 72.3%, 95% confidence interval 64.9% to 
78.7%) and standard dose arms (105/154; 68.2%, 60.5% to 
75.0%), with a difference of 4.2% (-5.9% to 14.2%; P=0.42). 



In children, the corresponding rates were 71% (85/120; 62.2% 
to 78.2%) in the double dose arm versus 67% (79/1 18; 58.0% 
to 74.8%) in the standard dose arm (P=0.52), and in adults 77% 
(30/39; 61.7% to 87.4%) versus 72% (26/36; 56.0% to 84.2%), 
respectively (P=0.64). Among 64 samples from 83 patients 
positive for RT-PCR on day five, samples from 6/28 (21%, 
10.2% to 39.5%) double dose patients and 5/36 (14%, 6.1% to 
28.7%) standard dose patients had infectious virus detected in 
cell culture (P=0.43). 

Given the heterogeneity of the enrolled population, we 
performed post hoc exploratory analyses to evaluate detection 
and quantification (copy numbers) of virus RNA on day one, 
three, and five of treatment in several subgroups of interest (age, 
virus, days of illness before enrolment). There were no 
significant differences between the arms in any of the subgroups 
on day five (tables 2 and 3 J J). In addition, no comparisons 
showed less frequent virus RNA detection in the double dose 
group on treatment day one or three in any subgroup of interest 
(data not shown). 

Specifically, at day five, in the 224 patients infected with 
seasonal influenza (excluding H5N1 and HlNl-pdm09 
infections) the proportions of patients with negative results for 
viral RNA in the nasal and throat swabs were similar (P=0.45) 
between the double (82/1 14, 72%) and standard dose arms 
(74/1 10, 67%). In children, the corresponding rates were 77/99 
(71%) in the double dose versus 62/94 (66%) in the standard 
dose arm (P=0.48), and in adults 12/15 (80%) versus 12/16 
(75%), respectively (P=0.74). Given the detected rates of viral 
shedding at day five this sample of 224 patients has more than 
85% power to show a 20% absolute improvement in cessation 
of viral shedding at two sided a of 0.05. 

After day five, the proportions of patients positive for RNA in 
the double and standard dose arms declined but were similar. 
In nasal samples by day 10, 4/138 (2.9%) and 4/132 (3.0%) 
patients remained positive for viral RNA in double and standard 
dose arms. In throat samples these proportions were 13/137 
(9.5%) and 15/130 (12%), respectively (P=1.00 for nose and 
P=0.59 for throat for comparison between arms); corresponding 
proportions for day 14 were 0/15 and 0/13 for nose and 1/15 
and 1/13 for throat. 

In the conditional multiple logistic regression analysis (table 
4JJ.), patients who had no viral RNA detected on day five were 
more likely to have lower nasal viral loads at baseline, human 
(non-avian H5N1) influenza virus infection, and a higher 
Karnofsky score (>50). 29 

Duration of illness before enrolment and antiviral treatment 
before enrolment were not significant predictors in the 
multivariate model: odds ratio 1.48 (95% confidence interval 
0.79 to 2.80; P=0.22) for duration of illness over two days and 
1.53 (0.51 to 4.55; P=0.45) for antiviral treatment. 

Secondary endpoints 

Day five clinical failure 

The criteria for clinical failure on day five were met in 16/161 
(9.9%, 95% confidence interval 6.2% to 15.5%) patients in the 
double dose and 20/158 (13%, 8.3% to 18.7%) in the standard 
dose arm (P=0.44); all received five additional days of 
oseltamivir. There were also no differences in clinical failure 
in the subgroup of patients with seasonal influenza viruses (see 
above): 3/1 14 (2.6%, 0.9% to 7.5%) patients in the double dose 
and 5/110 (4.5%, 2.0% to 10.2%) in the standard dose arm 
(P=0.50). Of 17 patients infected with avian H5N1 virus, only 
three survived to the day five evaluation, all of whom met the 
criteria for clinical failure. Persistent detection of viral RNA on 
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day five was found in 17/34 (50%, 34.1% to 65.9%) of patients 
meeting criteria for clinical failure on day five compared with 
75/275 (27%, 22.3% to 32.8%) of patients not meeting criteria 
for clinical failure (P=0.006). 

Mortality 

The overall case fatality rate was 21/326 (6.4%, 4.3% to 9.6%). 
The 21 deaths occurred at similar rates in the double (n=12; 
7.3%, 4.2% to 12.3%) and standard dose (n=9; 5.6%, 3.0% to 
10.3%) arms (P=0.54). Most deaths (15/21, 71%) were in 
patients with avian H5N1 virus. The six deaths not related to 
H5N1 (two with H3N2, one with influenza B, one with 
HlNlpdm09, and two negative) were not significantly different 
between arms. Mortality rates for H5N1 by country were similar, 
with 10/1 1 (90%) in Indonesia and 5/6 (83%) in Vietnam. 
Median (range) times to death were 2 days (1-12) in those with 
avian H5N1 and 5.5 days (1-13) days in those with other 
influenza viruses (table 5JJ.). 

Hospital course 

During the study, 98/326 (30.1%) of all patients required 
supplemental oxygen, 61/326 (18.7%) were admitted to intensive 
care, and 40/326 (12.3%) required mechanical ventilation. Most 
of these interventions occurred before or at the time of 
enrolment. After enrolment, an additional five patients needed 
supplemental oxygen, four required admission to intensive care, 
and six were mechanically ventilated. The median durations of 
these interventions were similar between the two treatment arms 
(table 611). Three patients developed acute respiratory distress 
syndrome 28 after enrolment across both arms (two double dose, 
one standard dose). 

Use of antibiotics and steroids 

For patients not taking antibiotics at enrolment, antibiotic 
prescribing was similar (P=0.27) for both arms after enrolment: 
3 1/50 (62%) in the double dose and 33/45 (73%) in the standard 
dose arm. Twenty children (10 in each arm) and 10 adults (five 
in each arm) were given inhaled steroids for bronchospasm. 

Adverse events 

Oseltamivir was generally well tolerated; 55 (16.9%) patients 
had 75 treatment emergent adverse events with similar rates 
between the two arms (table 7JJ.). The most common adverse 
events were respiratory failure (n=14), diarrhoea (n=l 1), and 
multi-organ failure (n=6). Overall 14 (19%) adverse events were 
judged as possibly, probably, or definitely related to 
oseltamivir. 30 There was no difference between adults and 
children in reported adverse events. 

Oseltamivir resistance 

No patients with HlNl-pdm09 or H5N1 had the oseltamivir 
resistance associated mutation H275Y at baseline or after 
treatment. Among 38 patients infected with seasonal H1N1 
viruses, 32 (1 1 in double dose arm, 21 in standard dose arm) 
could be sequenced and 18 (56%; six double dose, 12 standard 
dose) of these had the H275Y mutation at baseline. 3 ' Among 
the 14 patients (five in double dose arm, nine in standard dose 
arm) with an H1N1 virus without this mutation, four out of 
seven (two double dose, five standard dose) that could be 
sequenced after day 0 developed the H275Y mutation during 
treatment (four standard dose). No differences in viral RNA 
detection rates or outcome were associated with presence of the 



H275Y mutation at day 0 or day five among patients infected 
with seasonal H1N1 viruses, but numbers were small. 

Discussion 

In this large randomised controlled trial of antiviral treatment 
in patients with severe influenza we found that double dose 
oseltamivir was well tolerated but did not confer additional 
virological or clinical benefits over standard dose treatment in 
patients in South East Asia. There were no differences between 
the treatment arms in detection of viral RNA or infectious virus 
on day five, and there were also no differences in clinical failure 
rates, mortality in hospital, or rates of adverse events between 
the dose regimens on day five. We enrolled a heterogeneous 
population that included mostly children and also those infected 
with avian H5N1 or HlNl-pdm09 viruses. While subgroup 
analyses based on age cohorts, virus type and subtype, and time 
to treatment did not suggest additional virological efficacy of 
double dose oseltamivir in any subgroup, these results should 
be interpreted with caution as the study was not powered for 
these analyses. 

Our patients presented relatively late after the onset of illness, 
a median of five days overall (seven days for H5N1). Despite 
administration of oseltamivir, about 30% of those enrolled 
remained positive for viral RNA (the primary endpoint) after 
five days of treatment. Timing of oseltamivir treatment is 
important as several studies have shown that early treatment 
confers greater virological and clinical benefits." 32 34 In 
particular, later viral clearance has been noted with delayed 
treatment with oseltamivir compared with treatment within two 
to three days after onset of symptoms in observational reports 
from patients with HlNl-pdm09, especially those with severe 
illness. 33 ' 40 In the current trial, 73 (22.4%) patients presented 
within three days of illness, but even in this subpopulation, 
double dose oseltamivir was not associated with more rapid 
viral RNA clearance. Over a quarter of patients received 
neuraminidase inhibitors before enrolment, which could have 
influenced the effect size and contributed to the low proportion 
of patients shedding virus at day five in both treatment groups. 

Although viral RNA detection in samples from the upper 
respiratory tract might not accurately reflect viral replication in 
the lower respiratory tract, especially in those with severe 
illness, 39 prolonged viral RNA detection in upper respiratory 
tract samples has been shown to correlate with inpatient 
morbidity and prolonged hospital stay. In our study viral 
detection on day five was observed at about twofold the 
frequency in those meeting the criteria for clinical failure, 
although lack of clinical failure was not a surrogate for cessation 
of viral detection. Thus in our study the delays in starting 
treatment with oseltamivir also probably contributed to the 
substantial rates of admission to intensive care (18%), use of 
supplemental oxygen (30%), mechanical ventilation (12%), and 
mortality in hospital of 6.4%. Although our study was not 
placebo controlled for ethical reasons, other studies indicate 
that early oseltamivir treatment in people with severe influenza 
is associated with both clinical benefits and more rapid viral 
clearance from upper respiratory tract samples. 4 8 14 36 " 41 

Possible reasons for findings 

It is unclear why double dose oseltamivir does not seem to offer 
benefit over standard dose in patients with severe influenza. 
Blood trough concentrations of oseltamivir carboxylate from 
75 mg or 150 mg twice daily in influenza exceed the IC 50 
(inhibitory concentration) of influenza viruses. 42 43 Inhibition of 
viral neuraminidase by oseltamivir might be a saturable process, 
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and maximal inhibition might be achieved with a standard dose; 
exceeding these concentrations might not produce an additional 
clinical or virological effect. In this regard, a randomised 
oseltamivir controlled study of intravenous peramivir (BioCryst 
Pharmaceuticals, Durham, NC), which reaches over 20-fold 
higher peak blood concentrations of active metabolite than 
oseltamivir carboxylate, found similar viral reductions in patients 
with influenza A virus admitted to hospital. 44 Further studies of 
peramivir and other intravenous neuraminidase inhibitors 
currently in progress should provide additional evidence 
regarding this hypothesis. 

Infection with avian H5N1 virus, higher baseline viral load, and 
severity of disease were independently associated with longer 
viral RNA detection. The association between avian H5N1, 
severe illness, and prolonged shedding has been well described. 14 
The clearance kinetics of influenza viruses, both without 
antiviral treatment and with oseltamivir treatment, 32 41 could 
explain longer viral RNA detection with higher baseline viral 
loads. It is unclear whether the independent association with 
disease severity might be related to impaired mechanisms of 
viral clearance or higher intrinsic rates of viral replication or 
both in these patients. Severe chronic comorbidities are seen 
commonly in industrialised countries and are related to 
prolonged viral shedding but most of our patients lacked these 
comorbidities. 40 41 

The heterogeneous population characteristics, geographical 
differences in recruitment (most patients were from Vietnam 
but there were no significant differences between Vietnam and 
other sites), and the variety of infecting viruses in our trial reflect 
the clinical circumstances in South East Asia during our study 
but might be viewed as a limitation. Most of these patients were 
children and had low or normal BMI, and for all patients only 
about a fifth reported a chronic underlying medical condition. 
Thus, our findings are applicable primarily to the region where 
the study was conducted and other settings with similar 
characteristics of influenza epidemiology. We did not have 
many adults in our study and results were inconclusive but 
indicate no difference in efficacy between the two oseltamivir 
regimens. We would caution the extension of our results to, for 
example, morbidly obese adults with severe influenza and those 
who could have underlying chronic illnesses. We conducted 
several statistical comparisons and inevitably subgroup analyses 
involved small numbers; thus power was limited and some 
significant results could have resulted by chance. Additionally, 
as all patients were randomised to an active treatment, our study 
was not designed to evaluate the efficacy of oseltamivir in severe 
influenza nor in H5N1 infections. This large randomised trial 
did, however, examine an important clinical and public health 
question and showed a lack of a clinical or virological benefit 
of double dose compared with standard dose oseltamivir in 
patients admitted to hospital with severe influenza. Our results 
and other observational reports from avian H5N1 10 and 
H 1 N 1 -pdm09 1 1 36 infections do not support routine use of double 
dose oseltamivir to treat severe influenza. These findings have 
implications for both clinical management and pandemic 
preparedness including during the current H7N9 epidemic. 16 17 18 
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What is already known on this topic 

Clinical trials in patients with uncomplicated influenza have shown that treatment with oseltamivir has clinical and virological benefit 
when administered within 48 hours of onset of symptoms 

Observational studies in severe influenza have shown that oseltamivir treatment, if given early, is associated with reduced mortality and 
shorter length of hospital stay. Reduced mortality has also been reported for patients with H5N1 influenza treated with oseltamivir 

Several authorities have suggested the use of double dose oseltamivir for severe influenza, although there is no clinical evidence to 
support this 

What this study adds 

In the largest randomised trial on the treatment of severe influenza, no clinical or virological benefit of double dose oseltamivir over 
standard dose was found 

These findings have implications for both clinical management of severe influenza and for pandemic preparedness of emerging influenza 
viruses including the current H7N9 epidemic 
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Tables 



Table | Patients' characteristics at enrolment in study of double or standard dose oseltamivir for treatment of severe influenza. Continuous 
data are shown as mean (SD), categorical data as number (percentage) 







Children (n: 


=246) 


Adults (n=80) 


Parameter 


Total 


Double dose (n=124) Standard dose (n=122) 


Double dose (n=41) Standard dose (n=39) 


Sex (male) 


185 


79 (63.7) 


71 (58.2) 


17 (41.5) 


18 (46.2) 


Age (years) 




2.8 (2.4) 


2.8 (1.9) 


37.9 (13.6) 


45.9 (18.7) 


Duration of illness (days) 




5.3 (2.1) 


5.1 (2) 


5.6 (2.2) 


4.9 (2.5) 


Karnofsky score<50 


43 


5(4) 


11 0) 


13 (31.7) 


14 (36.8) 


Symptoms: 


Cough 


319 


123 (99) 


120 (99) 


37 (95) 


39 (100) 


Dyspnoea 


139 


55 (44) 


49 (40) 


16 (39) 


19 (49) 


Vomiting 


107 


42 (34.1) 


45 (36.9) 


1 1 (28.9) 


9 (23.7) 


Diarrhoea 


75 


24 (19.5) 




10 (25) 


9 (23.7) 


Underlying comorbidity: 


Asthma 


24 


8 (6.5) 


11 (9) 


2 (4.9) 


3 (7.7) 


Malnourished 


8 


3 (2.4) 


3 (2.5) 


0 


2(5.1) 


Congenital heart disease 


7 


2(1.6) 


4 (3.3) 


1 (2.4) 


0 


Hypertension 


12 


0 


0 


3 (7.3) 


9 (23.1) 


Diabetes mellitus 


1 


0 


0 


1 (2.4) 


0 


Alcoholism 


4 


0 


0 


2 (4.9) 


2(5.1) 


HIV/AIDS 


2 


1 (0.8) 


0 


1 (2.4) 


0 


Antivirals before enrolment 


76 


12 (9.7) 


12(9.8) 


26 (63.4) 


26 (66.7) 


BMI 




15.9 (2.2) 


16(2.2) 


22 (4.5) 


22.8 (4.1) 


Signs: 


Tachypnoea 


183 


73 (59) 


66 (54) 


20 (49) 


24 (62) 


Febrile (>38°C) 


175 


70 (56) 


67 (55) 


18 (44) 


20 (51) 


Respiratory rate 




43 (11) 


43 (10 


24 (7) 


26 (7) 


Laboratory data: 


White cell countx103/uL 




9.041 (4.3) 


8.247 (4.2) 


7.895 (5.9) 


8.086 (5.4) 


Lymphocytes % 




49 (20) 


51 (19) 


24 (16) 


19 (13) 


Creatinine umol/L 




41.5 (29.3) 


38.0 (14.8) 


104.1 (88.9) 


102.2 (72.9) 


Glucose mmol/L 




5.6 (2.5) 


5.3 (1.2) 


7.8 (4) 


9.1 (6.8) 


LDH IU/L 




694 (331) 


690 (273) 


845 (1272) 


971 (1250) 


Virological data: 


1977 H1N1 


38 


13 (10) 


21 (17) 


1 (2) 


3(8) 


H1N1-pdm09 


72 


19 (15) 


22 (18) 


17(41) 


14 (36) 


H3N2 


133 


63 (51) 


50 (41) 


9 (22) 


11 (28) 


H5N1 


17 


2(2) 


2(2) 


7(17) 


6(15) 


B 


53 


23 (19) 


23 (19) 


5(12) 


2(5) 


Not detected 


13 


4(3) 


4(3) 


2(5) 


3(8) 


Radiology: 


Infiltrates on CXR 


266 


96 (77) 


96 (79) 


39 (95) 


35 (90) 


ARDS 


25 


3 (2.4) 


4 (3.3) 


8 (19.5) 


10 (25.6) 


Treatment needed: 


Intensive care 


57 


6 (4.8) 


8 (6.6) 


19 (46.3) 


24(61.5) 


Supplemental oxygen 


93 


23 (18.5) 


17 (13.9) 


25 (61) 


28 (71.8) 


Mechanical ventilation 


34 


3 (2.4) 


5(4.1) 


11 (26.8) 


15 (38.5) 
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Table 1 (continued) 





Children (n=246) 


Adults (n=80) 


Parameter 


Total Double dose (n=1 24) Standard dose (n=1 22) 


Double dose (n=41) Standard dose (n=39) 



LDH=lactate dyhydrogenase; LDH CXR=chest x ray; ARDS=acute respiratory distress syndrome. 
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able 2| Subgroup analyses of percentages of patients still positive for viral RNA at day five of treatment in samples taken from nose. 
Patients grouped according to age, detected virus, and day of illness on enrolment 







Standard dose 






Double dose 








No* (%) 


Copy number (range)t 


No with 
positive 
quantitative 
RT-PCR result 


No* (%) 


Copy number (range)t 


No with 
positive 
quantitative 
RT-PCR result 


P valued 


Age groups 


All 


22/143 (15.4) 


4.33e+03 
(1 .00e+03-7.40e+04) 


8 


22/150 (14.7) 


2.94e+03 
(1 .00e+03-5.62e+04) 


9 


0.85 


<18 


20/116 (17.2) 


4.97e+03 
(1.00e+03-7.40e+04) 


7 


19/120 (15.8) 


2.88e+03 
(1 .00e+03-4.62e+04) 




0.77 


0-4 


17/105 (16.2) 


1 .45e+04 
(2.55e+03-7.40e+04) 


6 


18/106(17) 


2.88e+03 
(1 .00e+03-4.62e+04) 


8 


0.88 


5-17 


3/1 1 (27.3) 


1 .00e+03 
(1.00e+03-1.00e+03) 


1 


1/14 (7.1) 




0 


0.17 


>18 


2/27 (7.4) 


1.35e+03 
(1.35e+03-1.35e+03) 


1 


3/30 (10) 


5.62e+04 
(5.62e+04-5.62e+04) 


1 


0.76 


18-59 


0/17 (0) 




0 


3/28 (10.7) 


5.62e+04 
(5.62e+04-5.62e+04) 


1 


0.17 


>60 


2/10 (20) 


1 .35e+03 
(1.35e+03-1.35e+03) 


1 


0/2 (0) 




0 


0.49 


Virus type 


1977 H1N1 


2/23 (8.7) 


4.97e+03 
(4.97e+03-4.97e+03) 


1 


3/13 (23.1) 




0 


0.23 


H3N2 


13/61 (21.3) 


3.68e+03 
(1 .35e+03-2.64e+04) 


5 


12/70 (17.1) 


8.93e+03 
(1 .04e+03-4.62e+04) 


5 


0.54 


H1N1-pdm09 


2/34 (5.9) 




0 


2/36 (5.6) 


2.94e+03 
(2.94e+03-2.94e+03) 


1 


0.95 


H5N1 


0/0 (0) 




0 


1/4(25) 


5.62e+04 
(5.62e+04-5.62e+04) 


1 




B 


5/25 (20) 


3.75e+04 
(1.00e+03-7.40e+04) 


2 


4/27 (14.8) 


1.00e+03 
(1.00e+03-1.00e+03) 


2 


0.62 


Time to treatment (days from onset of illness) 


Within 2 


4/17(23.5) 


1 .33e+04 
(2.55e+03-2.40e+04) 


2 


6/14(42.9) 


2.94e+03 
(2.82e+03-4.62e+04) 


3 


0.25 


Within 3 


6/38 (15.8) 


1 .33e+04 
(2.55e+03-2.40e+04) 


2 


10/33 (30.3) 


2.94e+03 
(1 .04e+03-4.62e+04) 


5 


0.14 


Within 4 


12/64 (18.8) 


1 .33e+04 
(1 .35e+03-7.40e+04) 


4 


14/59 (23.7) 


5.94e+03 
(1 .04e+03-4.62e+04) 


6 


0.50 


>4 


10/79 (12.7) 


4.33e+03 
(1 .00e+03-2.64e+04) 


4 


7/91 (7.7) 


2.86e+04 
(1 .00e+03-5.62e+04) 


2 





RT-PCR=reverse transcriptase polymerase chain reaction. 

•Patients still positive by qualitative RT-PCR in each arm per subgroup. 

tCalculated from results of quantitative RT-PCR. 

tFrom x z for comparison of number of patients still positive by qualitative RT-PCR in each arm. 
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Table : | Subgroup analyses of percentages of patients still positive for viral RNA at day 5 of treatment in samples taken from throat. Patients 
were grouped according to age, detected virus, and day of illness on enrolment 







Standard dose 








Double dose 








No* (%) 


Copy number (range)t 


No with 
positive 
quantitative 
RT-PCR result 


No* (%) 


Copy number (range)t 


No with 
positive 
quantitative 
RT-PCR result 


P valued 


Age groups 


All 


33/143 (23.1) 


3.85e+03 
(1.00e+03-3.01e+05) 


11 


29/151 (19.2) 


1 .83e+04 


(1 .00e+03-4.07e+05) 


14 


0.40 


<18 


29/116 (25) 


4.12e+03 
(1.00e+03-3.01e+05) 


10 


23/119 (19.3) 


1 .86e+04 


(1.16e+03-1.45e+05) 


11 


0.30 


0-4 


25/105 (23.8) 


4.12e+03 
(1.00e+03-3.01e+05) 


10 


22/106 (20.8) 


1 .95e+04 


(2.06e+03-1 .45e+05) 


10 


0.60 


5-17 


4/1 1 (36.4) 




0 


1/13 (7.7) 


1.16e+03 


1.16e+03-1.16e+03) 


1 


0.08 


>18 


4/27 (14.8) 


1 .00e+03 
(1.00e+03-1.00e+03) 


1 


6/32(18.8) 


1 .00e+03 


(1 .00e+03-4.07e+05) 


3 


0.73 


18-59 


2/17 (11.8) 


1 .00e+03 
(1.00e+03-1.00e+03) 


1 


5/27(16.7) 


2.04e+05 


(1 .00e+03-4.07e+05) 


1 


0.68 


>60 


2/10 (20) 




0 


1/2 (50) 


1 .00e+03 


(1 .00e+03-1 .00e+03) 


'1 


0.37 


Virus type 


1977 H1N1 


4/23 (1 7.4) 


4.39e+03 
(4.39e+03-4.39e+03) 


1 


3/12 (25) 


1 .79e+04 


(1.21e+04-1.13e+05) 


3 


0.59 


H3N2 


17/60 (28.3) 


3.85e+03 
(2.08e+03-3.01e+05) 


5 


15/71 (21.1) 


1 .05e+04 


1.16e+03-1 .45e+05) 


6 


0.34 


H1N1-pdm09 


4/34 (1 1 .8) 


1 .00e+03 
(1.00e+03-1.00e+03) 


1 


3/37 (8.1) 






0 


0.61 


H5N1 


0/0 (0) 




0 


2/4 (50) 


2.04e+05 


(1.00e+03-4.07e+05) 


2 




B 


8/26 (30.8) 


4.58e+03 
(1.00e+03-2.86e+04) 


4 


6/27 (22.2) 


2.03e+04 


(1 .00e+03-3.44e+04) 


3 


0.48 


Time to treatment (days from onset of illness) 


Within 2 


5/17(29.4) 


3.57e+03 
(2.74e+03-4.39e+03) 


2 


7/14(50) 


2.39e+03 


(1 .00e+03-1 .45e+05) 


5 


0.24 


Within 3 


7/37 (18.9) 


3.57e+03 
(2.74e+03-4.39e+03) 


2 


10/33 (30.3) 


1.01e+04 


(1 .00e+03-1 .45e+05) 


8 


0.27 


Within 4 


14/63 (22.2) 


2.41 e+03 
(1.00e+03-8.16e+03) 


6 


15/61 (24.6) 


1 .83e+04 


(1 .00e+03-1 .45e+05) 


10 


0.76 


>4 


19/80 (23.8) 


1 .59e+04 
(1.00e+03-3.01e+05) 


5 


12/86 (14) 


1.21e+04 


(1 .00e+03-4.07e+05) 


3 





RT-PCR=reverse transcriptase polymerase chain reaction. 

•Patients still positive by qualitative RT-PCR in each arm per subgroup. 

tCalculated from results of quantitative RT-PCR. 

t-From x z for comparison of number of patients still positive by qualitative RT-PCR in each arm. 
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able 4| Risk factors identified by conditional multiple logistic regression for being viral RNA negative by RT-PCR on day five. Important 
non-significant factors are also included. Patients with no detected influenza were excluded from analysis 



Factor 


No of patients* 


No of events* 


OR (95% CI) 


P value 


Nose viral loadt 


304 


213 


0.73 (0.62 to 0.86) 


<0.01 


Karnofsky score <50i: 


35 


15 


0.24 (0.08 to 0.78) 


0.02 


Child 


236 


49 


0.62 (0.17 to 2.22) 


0.46 


Double dose oseltamivir 


156 


112 


1.27 (0.73 to 2.20) 


0.39 


Virus type: 


B 


51 


36 


0.88 (0.32 to 2.41) 


0.80 


H3N2 


132 


91 


0.72 (0.30 to 1.70) 


0.45 


H5N1 


15 


2 


0.03 (0.00 to 0.64) 


0.03 


H 12009 


68 


57 


1.01 (0.34 to 2.97) 


0.99 


H1N1-pdm 


38 


27 


Reference 




RT-PCR=reverse transcriptase polymerase chain reaction. 

*Total number of patients in group and total number negative for viral RNA by RT-PCR on day 5; 304 patients with 213 events were included in analysis. 
tAfter log,„ (x+1) transformation, odds ratio corresponds to change in odds associated with 10-fold increase in viral load. 
^Patients with score <50 require frequent medical attention. 
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able 5| Patients' characteristics and causes of death of 21 patients who died in trial of double or standard dose oseltamivir for treatment 
of severe influenza 



Country 


Virus 


Sex 


Age 


Day of illness on admission Day since admission at death 


Cause of death 


Double dose arm 


Indonesia 


ND 


F 


18 


9 


2 


Respiratory failure 


Vietnam 


B 


M 


43 


6 


7 


Respiratory failure 


Vietnam 


H3N2 


M 


2 


5 


13 


Respiratory failure 


Vietnam 


H3N2 


M 


54 


7 


1 


MOF 


Vietnam 


H5N1 


F 


28 


7 


12 


Severe hypoxaemia 


Vietnam 


H5N1 


M 


39 


6 


3 


Respiratory failure 


Vietnam 


H5N1 


M 


10 


8 


3 


Respiratory failure 


Indonesia 


H5N1 


F 


28 


8 


1 


ARDS and respiratory failure 


Indonesia 


H5N1 


F 


16 


10 


5 


ARDS 


Indonesia 


H5N1 


M 


30 


7 


4 


MOF 


Indonesia 


H5N1 


F 


31 


8 


5 


MOF 


Vietnam 


H5N1 


M 


3 


5 


2 


ARDS and shock 


Standard dose arm 


Vietnam 


ND 


M 


44 


6 


1 


MOF 


Vietnam 


H1N1pdm09 


F 


22 


6 


4 


MOF 


Vietnam 


H5N1 


M 


31 


5 


1 


Respiratory failure 


Indonesia 


H5N1 


M 


8 


3 


1 


Respiratory failure 


Indonesia 


H5N1 


M 


9 


10 


1 


Respiratory failure 


Indonesia 


H5N1 


F 


30 


6 


2 


ARDS and respiratory failure 


Indonesia 


H5N1 


M 


47 


7 


2 


Septic shock 


Indonesia 


H5N1 


M 


32 


10 


2 


MOF 


Indonesia 


H5N1 


F 


29 


10 


1 


Respiratory failure 



ND=no influenza virus detected; ARDS=acute respiratory distress syndrome, MOF=multi-organ failure. 
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able 6| Effect of dose on measures of respiratory compromise, expressed as Kaplan Meier estimates and 95% confidence intervals, in 
study of double or standard dose oseltamivir for treatment of severe influenza 





Double dose Standard dose 


P value* 


Receipt of oxygen 


Median (IQR) time (days) 


3 (2-5) 3.5 (2-7) 


0.48t 


No of patients 


50 48 




% on oxygen on day 3 


55.5 (39.7 to 68.7) 60.5 (44.1 to 73.4) 


0.72$ 


% on oxygen on day 5 


36.3 (21 .7 to 51 .1 ) 42.8 (26.8 to 57.8) 




% on oxygen on day 7 


22.7 (9.6 to 39.1) 28.5 (14.4 to 44.4) 




% on oxygen on day 10 


17.0 (5.4 to 34.1) 28.5 (14.4 to 44.4) 




Time in intensive care unit (ICU) 


Median (IQR) time (days) 


4.5(3-6) 5(2-11) 


0.66t 


No of patients 


27 34 




% in ICU on day 3 


84.7 (64.0 to 94.0) 77.1 (57.8 to 88.5) 


0.57$ 


% in ICU on day 5 


47.4 (23.0 to 68.4) 60.9 (40.1 to 76.4) 




% in ICU on day 7 


37.9 (1 4.5 to 61 .5) 38.8 (1 8.7 to 58.5) 




%in ICU on day 10 


25.3 (5.3 to 52.5) 33.2 (14.5 to 53.3) 




Time on ventilation 


Median (IQR) time (days) 


2.5(1-16) 8(1-16) 


0.58t 


No of patients 


19 21 




% on ventilation on day 3 


89.5 (64.1 to 97.3) 85.7 (62.0 to 95.2) 


0.68$ 


% on ventilation on day 5 


71 .6 (26.1 to 92.0) 75.0 (42.4 to 90.8) 




% on ventilation on day 7 


71.6 (26. 1 to 92.0) 75.0 (42.4 to 90.8) 




% on ventilation on day 10 71.6 (26.1 to 92.0) 45.0 (1 1 .9 to 74.1) 



*For comparison between arms. 
tKruskal-Wallis test. 
$Log rank test. 
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able 7| Adverse events experienced by patients in study of double or standard dose oseltamivir for treatment of severe influenza 



Parameter 


All 


Double dose 


Standard dose 


No (%) of patients with adverse event 


55/326 (16.8) 


28/165 (16.9) 


27/161 (16.8)* 


Any reported/detected adverse event 


75 


37 


38 


Related to oseltamivirt 


14 


5 


9 


Any serious adverse event 


30 


14 


16 


Related to oseltamivir 


1 


0 


1 


Respiratory failure 


15 


10 


5 


Diarrhoea 


11 


2 


9 


Multi-organ failure 


6 


3 


3 


Acute respiratory distress syndrome 


3 


2 


1 


Pneumothorax 


3 


1 


2 


Neutropenia 


3 


2 


1 


Thrombocytosis 


3 


3 


0 


Pyrexia 


2 


1 


1 


Bronchitis 


2 


0 


2 


Sepsis/septic shock 


3 


1 


2 


Rash 


3 


2 


1 


Other 


21 


10 


11 


*P=0.96. 

tPossibly, probably, or definitely related, as judged by principal investigator on site. 
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Figure 



Patients screened (n=699) 



Not randomised (n=373): 
Not influenza (n=353) 
Other non inclusion criteria (n=4) 
Met criteria consent not given (n=8) 
Met criteria other reasons (n=8) 





Randomised (n= 


=326) 




1 ' 


\ 


_ 


Double dose oseltamivir (n=165) 


Standard dose oseltamivir (n=161) 






Received oseltamivir (n=165) 


Received oseltamivir (n=161) 


\ 



Completed five days of oseltamivir (n=154) 
Did not complete oseltamivir (n=U): 

Died (n=7) 

Adverse event (n=l) 

Consentwithdrawn (n=2) 

Not influenza (n=l) 

~r 

Number analysed for primary en dpoint (n=159) 
Exclusions (n=6): 
Not influenza (n=6) 



Completed five days of oseltamivir (n=149) 
Did not complete oseltamivir (n=12): 
Died (n=9) 

Consent withdrawn (n=l) 
Not influenza (n=l) 
Transferred to another hospital (n=l) 

I 

Number analysed for primary endpoint (n=154) 
Exclusions (n=7): 
Not influenza (n=7) 



Trial profile of participants in study of double or standard dose oseltamivir for treatment of severe influenza 
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